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C BY-NC-Abstract The adsorption behavior of Rhodamine B dye from aqueous solutions was investigated
onto the cation-exchange resin, Duolite C-20 (hydrogen form). The effects of various experimental
factors; sorbent amount, contact time, dye concentration and temperature, were studied by using
the batch technique. Lagergren pseudo-ﬁrst-order equation shows good applicability with high cor-
relation coefﬁcients for all ranges of initial dye concentrations and at different temperatures. This
equation was used to describe the kinetics of the dye adsorption process. The adsorption constants
were evaluated by using both the Langmuir and Freundlich adsorption isotherm models. Thermo-
dynamic parameters were obtained and it was found that the adsorption of Rhodamine B dye onto
Duolite C-20 resin was an endothermic and spontaneous process at the temperatures under inves-
tigation.
ª 2011 King Saud University. Production and hosting by Elsevier B.V.Open access under CC BY-NC-ND license.1. Introduction
Currently, textile industry produces a huge quantity of dyed
wastewater. The color and the non-biodegradable nature of04614761.
ail.com (S.M. Al-Rashed),
y. Production and hosting by
Saud University.
lsevier
ND license.the spent dye baths constitute serious environmental problems
(Wang and Zhu, 2007).
Many treatment methods have been adopted to remove
dyes from wastewater. These methods can be divided into
physical, chemical and biological methods. Generally, physical
methods which include adsorption, ion exchange and mem-
brane ﬁltration are effective for removing dyes without pro-
ducing unwanted by-products (Vandevivere et al., 1998). Due
to the effect of the chemical groups of the activated carbon sur-
face, it was the most widely used adsorbent for the removal of
different classes of dyes (Al-Degs et al., 2008; Chen et al., 2010;
Faria et al., 2004; Hoda et al., 2006; Iqbal and Ashiq, 2007).
Adsorption of some dyes on different low cost adsorbents such
as kudza (Allen et al., 2003, 2005), bagasse ﬂy ash (Mall et al.,
2006), rice husk ash (Mane et al., 2007; Vadivelan and Kumar,
2005), wheat bran (Cicek et al., 2007) and palm ash (Ahmad
et al., 2007) have been investigated.
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210 S.M. Al-Rashed, A.A. Al-GaidAdsorption technique is an important method in case of
heterogeneous systems. To fully understand the processes,
two basic ingredients are required, namely, equilibrium and
kinetics. Recently, the growth of adsorption kinetics is of inter-
est for many investigations (Deniz and Saygideger, 2010;
Hameed et al., 2009; Han et al., 2010; Tahir et al., 2008).
The focus of the present study was to investigate the effect
of the sorbent amount, contact time, dye concentration, and
temperature on the adsorption of Rhodamine B dye on Duo-
lite C-20, cation resin. Different isotherm models were used
to derive the adsorption parameters for Rhodamine B dye
on the resin at 30 C. The adsorption rate constants were ob-
tained at different temperatures to estimate the thermody-
namic parameters for the dye adsorption.
2. Materials and methods
2.1. Preparation of adsorbent
A strong cation-exchange resin; Duolite C-20 (from BDH
company, analytical grade) was used as an adsorbent in this
study. The resin was converted to the hydrogen form by pack-
ing the resin into a column through which sufﬁcient amount of
0.1 M HCl is passed for enough time to be sure that all the re-
sin is in the hydrogen form. The resin was then washed with
deionized water until the efﬂuent becomes free from the acid
and the chloride ion. The resin was dried under vacuum and
kept in a desiccator over anhydrous calcium chloride to be
ready for use (Kunin et al., 1958).
The ion-exchange capacity was determined by equilibrating
a resin sample (1.0 g) in 200 mL of (0.1 M NaOH and 5%
NaCl). After equilibrium was reached, the excess of NaOH
in the solution was titrated with 0.2 M HCl (Kunin et al.,
1958).
2.2. Adsorbate
Rhodamine B dye which was supplied from Fluka was used
without further puriﬁcation. The chemical structure of this
dye is shown in Fig. 1 (Budavari et al., 1996).
The concentrations of Rhodamine B dye were determined
spectrophotometrically by using double beam UV spectropho-
tometer, Jasco V-570 UV/VIS/NIR. The dye concentrations
were estimated by monitoring the absorbance at kmax =
554 nm.
2.3. The adsorption procedure
To obtain kinetic and adsorption data for Rhodamine B dye
adsorption onto Duolite C-20, batch equilibrium technique
was used; a 100 mL of the dye solutions was shaken with theO(C2H5)2N (C2H5)2N
+
COOH Cl
Figure 1 The chemical structure of Rhodamine B dye.studied amounts of the resin in a thermostated bath. The con-
centration of the solutions at different time intervals was deter-
mined spectrophotometrically.
Standard thermodynamic parameters for Rhodamine B dye
adsorption onto Duolite C-20 were determined by studying the
different adsorption isotherms at 30, 40, 50, and 60 C.
3. Results and discussion
3.1. The effect of adsorbent amount
Equilibrium experiments were carried out by contacting differ-
ent amounts of the resin particles with 15 mL of Rhodamine B
dye solution (18.802 mg/L). The agitation was made for 24 h,
which was found to be a sufﬁcient time to achieve equilibrium.
The removal percent (X%) of Rhodamine B dye was increased
with increasing adsorbent dosage. A maximum of 97.58% re-
moval of the dye was observed by 0.4 g of Duolite C-20, as
shown in Fig. 2.
3.2. The effect of contact time and Rhodamine B dye
concentration
Fig. 3 shows the effect of agitation time and initial Rhodamine
B concentrations (18.802, 15.947, 9.988, and 8.129 mg/L) on
the adsorbed amount of the Rhodamine B dye per gram of
the resin (q). From Fig. 3, it was observed that the amount
of dye uptake (q) is increased with increasing the contact time
at all initial dye concentrations. Furthermore, the amount of
dye adsorbed is increased with the increase in initial dye con-
centration. For the ﬁrst 20 min, the adsorption uptake was ra-
pid then it proceeds at a slower adsorption rate and ﬁnally it
attains saturation at 40 min. These observations show that
the initial dye concentration has no effect on the required time
for equilibrium. Thus, up to 60–70% of the total amount of
dye uptake was found to occur in the ﬁrst rapid stage. The
higher adsorption rate at the initial period may be due to an
increased number of vacant sites available at the initial stage,
that is because of the existed increase in the concentration gra-
dients between adsorbate in solution and adsorbate on the
adsorbent surface. As time proceeds, the dye concentration is m,g
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Figure 2 Effect of adsorbent amount on Rhodamine B removal
from 18.8 mg/L dye solution at 30 C.
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Figure 3 Effect of contact time and dye concentration on the
adsorption amount of Rhodamine B dye onto (0.4 g) of Duolite C-
20 at 30 C.
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sites, leading to a decrease in the adsorption rate at later stages
(Vadivelan and Kumar, 2005). The obtained removal curves
were single, smooth and continuous, indicating monolayer
coverage of dye on the surface of adsorbent (Namasivayam
et al., 1993).
3.3. The Lagergren pseudo-ﬁrst-order kinetics
The Lagergren pseudo-ﬁrst-order kinetics equation has been
widely used to predict the dye adsorption kinetics. The inte-
grated linearized form of this model is given by (Ozer and Dur-
sun, 2007):
logðqe  qÞ ¼ log qe 
Kadt
2:303
ð1Þ
where (q) and (qe) represent the amount of dye adsorbed (mg/
g) at any time (t) and at equilibrium time, respectively, and
(Kad, min
1) represents the adsorption rate constant. Fig. 4
shows the plot of log(qe  q) versus the time (t) for the differ-
ent dye concentrations. The rate constant (Kad) at different
concentrations were obtained from the slope of the linear plots
in Fig. 4. The calculated (Kad) values and the corresponding
linear regression correlation coefﬁcient (r2) values for different
initial dye concentrations are presented in Table 1. The ob-
tained correlation coefﬁcients were high (>0.97) for all ranges
of initial dye concentration. This shows good applicability of
the Lagergren pseudo-ﬁrst-order kinetics equation for the
Rhodamine B dye adsorption onto the Duolite C-20 resin.Table 1 The effect of dye concentration on the Kad values and the
onto (0.4 g) Duolite C-20 resin at 30 C.
C0, mg/L 18.80 15.
Ce, mg/L 0.06 0.
qe, mg/g 4.685 3.
Kad, min
1 0.069 0.
Kd, mL/g 78,083.33 66,216.
r2 0.981 0.3.4. The equilibrium adsorption constant
The values of the equilibrium adsorption constant (Kd) were
calculated according to the following equation (Yu et al.,
2001),
Kd ¼ dye concentration in the resin at equilibrium ðmg=gÞ
dye concentration in solution at equilibrium ðmg=mLÞ
ð2Þ
Table 1 shows the variation in Kd-values for Rhodamine B
dye adsorption on the Duolite C-20 resin with changing the
dye’s initial concentration. Its values were found to increase
by increasing the initial dye concentration in the solution.
3.5. The adsorption isotherms
The analysis and design of the adsorption process requires
the relevant adsorption equilibria, which is the most impor-
tant piece of information in understanding an adsorption
process.
In the present investigation, the equilibrium data were ana-
lyzed using the Freundlich, and Langmuir isotherm expres-
sions; Eqs. (3) and (4), respectively. These isotherms are the
two most commonly used equilibrium relations (Ozer and
Dursun, 2007):
qe ¼ KfC1=ne ð3Þ
qe ¼
q0KLCe
1þ KLCe ð4Þ
where (Kf) and (n) are Freundlich constants related to adsorp-
tion capacity and adsorption intensity of adsorbents, respec-
tively. The value of (n) falling in the range of (1–10) indicates
favorable adsorption. Also, (Ce) is the equilibrium concentra-
tion (mg/L), (qe) the amount of the adsorbent dye ion (mg/g),
(q0) is (qe) value for a complete monolayer (mg/g) which repre-
sented the maximum adsorption capacity of the resin and (KL)
adsorption equilibrium constant (L/mg) (Bayramoglu et al.,
2009). The amount of adsorbed dye per gram cation-exchange
resin (mg dye/g dry resin) was obtained by using the following
expression,
Q ¼ ðC0  CÞV
m
ð5Þ
where (C0) and (C) are the concentrations in (mg/L) of Rhoda-
mine B dye in the solution before and after the adsorption,
respectively, (V) is the volume of the dye solution in (L), and
(m) is the weight of the dry cation-exchange resin in (g). The
linearized form of Freundlich and Langmuir isotherm can be
written respectively as follows,correlation coefﬁcient r2 for the adsorption of Rhodamine B dye
95 9.99 8.13
06 0.06 0.06
973 2.483 2.018
067 0.097 0.104
67 41,383.33 33,633.33
999 0.974 0.992
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1
n
logCe ð6Þ
Ce
qe
¼ 1
KLq0
þ Ce
q0
ð7Þ
The Freundlich constants (Kf) and (n) were obtained at con-
stant temperature, 30 C, from the intercept and slope of the
plot of log(qe) versus log Ce, Fig. 5. Similarly, the Langmuir
constants (q0) and (KL) were calculated at 30 C from the slope
of the plot of (Ce/qe) versus (Ce), Fig. 6. The calculated Fre-
undlich and Langmuir constants and their corresponding lin-
ear regression correlation coefﬁcient values (r2) at 30 C are
given in Table 2. From Table 2, it can be concluded that the
linear ﬁts using the two equations were good for studying
the adsorption of Rhodamine B dye onto Duolite C-20 resin
within the used concentration range but the ﬁt with the Lang-
muir equation was comparably better. Also, it was observed
that the maximum adsorption capacity (q0) of Duolite C-20
cation resin for Rhodamine B dye was found to be
28.571 mg/g. The best ﬁt of equilibrium data in the Langmuir
isotherm expression conﬁrms the monolayer coverage of t,min
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Figure 4 Lagergren pseudo-ﬁrst-order kinetics for adsorption of
Rhodamine B onto (0.4 g) Duolite C-20 at 30 C.
 logCe
-1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4
 
lo
gq
e
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
Figure 5 Freundlich plot for adsorption of Rhodamine B onto
(0.4 g) Duolite C-20 at 30 C.Rhodamine B dye onto Duolite C-20 resin. The equilibrium
parameter (RL), was calculated at different initial concentra-
tions of Rhodamine B dye using the following equation
(Vadivelan and Kumar, 2005):
RL ¼ 1
1þ KLC0 ð8Þ
The calculated (RL) values, Table 2, were found to be in the
range of (0–1) at all initial dye concentrations which conﬁrms
the favorable uptake of the Rhodamine B dye process accord-
ing to Langmuir isotherm, as shown in Table 3 (Namasivayam
et al., 1994).
3.6. The effect of temperature on dye adsorption
The effect of temperature on the time dependence of the
adsorption process of Rhodamine B dye onto (0.4 g) Duolite
C-20 cation resin was studied by batch contact-time experi-
ments. The uptake of Rhodamine B dye increased with
increasing temperature at the same adsorption time. The shape
of the adsorption curves at different temperatures; 303, 313,
323, and 333 K, Fig. 7, were similar to those in Fig. 3. Lager-
gren pseudo-ﬁrst-order expression was also ﬁt to the tempera-
ture effect adsorption data. Kad values at different
temperatures were obtained from the slope of the linear plot
of log(q0  q) versus (t) at different temperatures, Fig. 8. Thus,
the adsorption rate of the dye almost increased while temper-
ature was rising, which might be due to the increase of diffu-
sion of the dye in the solution with the increase of
temperature. The apparent activation energy, Ea, was calcu-
lated from the slope of the plot of the natural logarithm of
Kad values at different temperatures against the reciprocal of
absolute temperatures, Fig. 9, according to the following
Arrhenius type relationship (Bayramoglu et al., 2009):
lnKad ¼ Ea
RT
þ lnA ð9Þ
where A is Arrhenius temperature independent factor, R is the
gas constant (R= 8.314 J/mol K), and T is the absolute tem-
perature in K. The calculated Ea value was 19.18 J/mol, imply-
ing that adsorption occurs more readily compared to typical Ce
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Figure 6 Langmuir plot for adsorption of Rhodamine B onto
(0.4 g) Duolite C-20 at 30 C.
Table 2 Langmuir and Freundlich isotherm constants for Rhodamine B dye adsorption onto (0.4 g) Duolite C-20 at 30 C.
Langmuir isotherm Freundlich isotherm
q0 KL r
2 n Kf r
2
28.571 0.164 0.983 4.016 3.811 0.958
The equilibrium parameter RL
C0, mg/L 18.80 15.95 9.99 8.13
RL 0.245 0.277 0.379 0.429
Table 3 The types of Langmuir isotherm according to RL
values (Namasivayam et al., 1994).
RL value Type of isotherm
RL > 1 Unfavourable
RL = 1 Linear
0 < RL < 1 Favorable
RL = 0 Irreversible
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Figure 7 Adsorption isotherms of Rhodamine B on (0.4 g)
Duolite C-20 at different temperatures.
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Figure 8 Lagergren pseudo-ﬁrst-order kinetics for adsorption of
Rhodamine B onto (0.4 g) Duolite C-20 at different temperatures.
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Figure 9 ln Kad versus 1/T according to Arrhenius equation (a)
and ln Kd versus 1/T according to Vant Hoffe equation (b).
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(Yu et al., 2001).
Also, the equilibrium constant values, Kd, for Rhodamine B
dye on the resin were calculated at different temperatures by
using the previous Eq. (2). These values were used to calculate
the thermodynamic parameters, DG and DH using the fol-
lowing equations (Ada et al., 2009; Nandi et al., 2008),
DG ¼ RT lnKd ð10Þ
lnKd ¼ DS

R
 DH

RT
ð11Þ
Table 4 The distribution and adsorption constants and the thermodynamic parameters for Rhodamine B adsorption on (0.4 g)
Duolite C-20 at different temperatures.
T (K) Kad ln Kad DE (J/mol) Kd (mL/g) ln Kd DG (J/mol) DH (J/mol) DS (J deg1 mol1)
303 0.069 2.674 +19.18 75230.77 11.228 28284.93 +4.62 +93.36
313 0.134 2.010 18264.15 9.813 25536.19 +81.60
323 0.094 2.364 36092.59 10.494 28180.82 +87.26
333 0.166 1.796 75230.77 11.228 31085.41 +93.36
214 S.M. Al-Rashed, A.A. Al-Gaidwhere DG is the standard free energy (kJ/mol) and DH is the
standard enthalpy (J/mol). The DH value was calculated from
the slope of the linear plot of ln Kd versus 1/T, as shown in
Fig. 9. The standard entropy values (J/mol K), DS, were cal-
culated by using Gibbs–Helmholtz equation as follows,
DS ¼ DH
  DG
T
ð12Þ
The DG values of Rhodamine B adsorption on Duolite C-
20 under different temperatures as well as DH and DS values
are presented in Table 4. The negative values of DG and the
positive value of DH indicate that the adsorption of the dye
was spontaneous and endothermic. Positive DS values of
Rhodamine B dye adsorption process indicate an irregular in-
crease of the randomness at the resin–solution interface during
the adsorption.4. Conclusion
The adsorption process was shown to be an efﬁcient for dye
removal from water solutions. The results clearly demon-
strated that cationic resin contributed to the adsorption mech-
anism through electrostatic interactions between sulfonic
groups of the adsorbent (which are known as strong cation
exchangers) and the cationic sites of Rhodamine B dye. The
percentage uptake of dyes is concentration dependent; decreas-
ing with an increase in dye concentration. The equilibrium
adsorption behavior of Rhodamine B dye onto the resin fol-
lowed the Langmuir and Freundlich adsorption isotherms.
The adsorption of Rhodamine B dye on Duolite C-20 resin
is a spontaneous and endothermic process.
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